
Europaisches Patentamt 

European Patent Office 0 Publication number: U WOO o 

A1 

Office europeen des brevets 



^ EUROPEAN PATENT APPLICATION 

©App.ication number: 823069,0.9 ®.«.CL": A 61 K 37/12 

(3) Date of tiling: 23.12.82 



© Priority: 11.01.82 US 338661 

@ Date of publication of application: 
20.07.83 Bulletin 83/29 

(5f> Designated Contracting States: 

AT BE CH DE FR GB fT U LU NL SE 



© Applicant: COLLAGEN CORPORATION 
2455 Faber Place 
Palo Alto, California 94303(US) 

© Inventor: Wallace. Donald G. 
387 Hedge Road 

Menlo Park California 94025<US> 

© inventor: Wade. Susan B. 
38536 Mission Boulevard 
Fremont California 94536(US) 

© Representative: Harrison. David Christopher et al. 
MEWBURNELUS& CO 2/3 Cureitor Street 
London EC4A 1BQ(GB) 



© Collagen implant material for augmenting soft tissue. 

© An injectable implant material for soft tissue augmenta- 
tion comprising a dispersion of (a) particles of cross-linked 
atelopeptide collagen; and (b) reconstituted fibrous ate- 
lopeptide collagen in a (c) physiological aqueous earner. 
Implants of this material have improved persistence relative 
to currently used collagen implant materials. 
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COLLAGEN IMPLANT MATERIAL 
FOR 

AUGMENTING SOFT TISSUE 



The invention is in the field of body treat- 
ing compositions and methods. More particularly it 
concerns a collagen implant material of improved vol- 
ume stability for augmenting soft tissue in mammals. 

10 

Collagen has been used as a pharmaceutical 
carrier, as a surgical prosthesis (sutures and wound 
dressings), and as an implant material. In many in- 
stances the collagen is cross-linked with chemical 
15 agents, radiation, or other means to improve its mech- 
anical properties, decrease its immunogenicity , and/or 
increase its resistance to resorption. 

US Patent No 3949073 describes the use of 
atelopeptide solutions of collagen as an injectable 
20 implant material for augmenting soft tissue. Accor- 
ding to the patent, the collagen is reconstituted 
before implantation and forms a fibrous mass of tissue 
when implanted. The patent suggests adding particles 
of insoluble collagen microfibrils to control the 
25 shrinkage of the fibrous mass formed at the augmenta- 
tion site. ZYDERM collagen implant is a commercial 
embodiment of the material described in the patent and 
is composed of reconstituted atelopeptide collagen in 
saline that contains a small amount of a local anes- 
30 thetic. While this commercial material is remarkably 
effective, it may shrink in volume after implantation 
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due primarily to absorption of its fluid component by 
the body- Thus, if volume constancy, sometimes called 
"persistency", is essential, an additional injection 
or injections of supplemental implant material is 
required. The present invention provides a collagen- 
ous implant material having improved volume stability 
or "persistence" . 



The invention is an injectable implant 
10 material for soft tissue augmentation comprising a 
dispersion of collagen in an aqueous carrier 
characterized in that the collagen is a mixture of : 
(a) particulate cross-linked atelopeptide 

collagen; and 

15 (b) reconstituted fibrous atelopeptide 

collagen. 



20 



The noncross-linked and cross-linked forms 
of collagen used in the invention may be derived from 
collagen collected from any number of mammalian sour- 
ces. The donor need not be genetically similar to the 
host into which the material is ultimately implan- 
ted. Because of their availability, bovine or porcine 
25 corium will usually be employed. The first step in 

making either form is to prepare atelopeptide collagen 
in solution "from the corium. The animal skin is soft- 
ened by soaking it in a mild acid and then scraping it 
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to remove hair, epidermis, and fat. The depilated 
skin is then soaked again in mild acid and then com- 
minuted by grinding, mincing, milling or like physical 
treatment. The comminution prepares the skin for 
5 solubilization. 

The divided tissue may be solubilized under 
nondenaturing conditions by dispersing it in an aque- 
ous acid medium and digesting it with a proteolytic 
enzyme other than a collagenase. Dilute acid solution 
10 at low temperatures will normally be used to avoid 

denaturation. Mineral acids such as HC1 or carboxylic 
acids such as acetic, malonic or lactic acids may be 
used at pHs m the range of about 1.5 to 5 and temper- 
atures of about 5°C to 2 5°C. A preferred procedure is 
15 to disperse the comminuted tissue m HC1 to a concen- 
tration of 1 to 5 g/1 at a pH of about 2 at 20 °C. 
After the tissue is dispersed the enzyme is added and 
the mixture is incubated to permit the enzyme to di- 
gest the telopeptide and other solubilizable compon- 
20 ents of the tissue. Enzymes that attack the telopep- 
tide portion of the collagen while not denaturing the 
helical portion are used. Examples of such enzymes 
are trypsin, pepsin, chymotrypsin, and papain. Pepsin 
is preferred because it is relatively easily deacti- 
25 vated and removed from the solubilized collagen. The 
enzyme concentration will usually be in the range of 
about 0.1% to 10% by weight based on the collagen. 
The incubation period will typically vary from about 
two days to two weeks. The progress of the solubili- 
30 zation may be monitored by determining the viscosity 
of the solution. Once the viscosity reaches a sub- 
stantially constant level, the solubilization is com- 
plete. At this point, the enzyme is deactivated 
(denatured) and removed. 
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The enzyme may be deactivated by raising the 
P H of the solution to at least about 7 by adding an 
alkaline material such as sodium hydroxide. After the 
enzyme has been denatured the solution is treated to 
remove denatured enzyme and the portions of the tissue 
that were digested during the solubilization. Various 
dialysis, sedimentation, and filtration techniques may 
be used to effect such removal. See US Pats Nos 
949073 col 3, lines 10-22 and 4140537 col 5, line 48 
to col 6, line 34, which disclosures are incorporated 
herein by reference. A preferred procedure is to 
first lower the P H by adding acid and then clarify the 
solution by diatomaceous earth sedimentation. The 
sediment is filtered and the filtrate is concentrated. 
The concentrate is then fractionated by ion exchange 
chromatography and further concentrated to produce a 
substantially pure atelopeptide collagen solution that 
ma y be used to make the cross-linked collagen and the 
noncross-lmked collagen fibers used in the invention. 

The fibrous collagen is preferably made by 
neutralizing the solution with buffer at reduced tem- 
peratures. The ionic strength of the neutralized 
solution is about 0.03 to 0.3 and the P H is about 7.2 
to 7.4. Na 2 HPQ 4 is a preferred buffer. This increase 
5 in P H causes the collagen to reaggregate into atelo- 
peptide fibrils. These fibrils are separated from the 
supernatant for combination with the cross-linked gel 
particles. 

The cross-linked particles are made from the 
0 solution by first reconstituting the collagen and then 
cross-linking the reconstituted material. The ^con- 
stitution is preferably carried out by increasing the 
pH of the solution to about 7 . 4 to 7 . 6 by adding buf- 
fers and base at a reduced temperature and then rais- 
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ing the temperature to a suitable temperature ie 26°C 
to 38°C. The collagen reaggregates spontaneously 
under such conditions- After the reconstituted colla- 
gen is formed it is cross-linked by exposing it to a 
cross-linking agent that forms covalent bonds between 
collagen chains. Radiation-induced cross-linking or 
chemical induced cross-linking may be used. Either 
nonparticulate radiation (ultraviolet, gamma, X-ray) 
or particulate radiation (a-particles, protons, 
6-particles, electrons) may be used. Chemical cross- 
linking agents that may be used include those that are 
commonly used to cross-link proteins for medical use 
such as formaldehyde, glutaraldehyde , acetaldehyde , 
glyoxal pyruvic aldehyde, dialdehyde starch, quinones, 
hydroquinones, dimethylol acetone, and divinyl sul- 
fone. Glutaraldehyde is a preferred cross-linking 
agent. 

The conditions of cross-linking, particu- 
larly the concentration of cross-linking agent the 
temperature, and the duration of the reaction, will 
affect the degree to which the collagen is cross- 
linked- The degree of cross-linking is commonly ex- 
pressed indirectly in terms of physical measurements 
such as molecular weight changes, gelation character- 
istics, swelling properties or tensile properties such 
as Young's modulus. The conditions and agent are 
preferably such as to give a cross-linked material 
having a Young's modulus in the range of about 1,000 
to 10,000 dynes/cm 2 before it is concentrated by cen- 
trifuging and about 5,000 to 50,000 dynes/cm 2 after 
centrifuging as described below. When glutaraldehyde 
is employed, reaction with about 0.004 to 4 mg of 
glutaraldehyde per g of collagen gel at 15°C to 30°C 
for about 1/2 to 20 hr will provide suitable cross- 
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linkmg. The glutaraldehyde will normally be added to 
the gel as a dilute aqueous solution. After the de- 
sired reaction per.od the cross-Unked gel is washed 
to remove any cross-linking agent and is then concen- 
trated by fUtration or centnf ugation to about 10 to 
100 mg proteWml. The concentrated gel is then sub- 
jected to mild shear stress to comminute it into uni- 
form particles about 50 to about 200 microns m equiv- 
alent spherical diameter. A high speed grater or 
knife mill may be used to comminute the gel. 

The fibrous collagen and cross-linked col- 
lagen particles are dispersed in an appropriate aque- 
ous parenteral carrier. The dispersion is placed m a 
syringe or other injection apparatus. The fibrous 
collagen will usually constitute about 5% to 30% by 
weight of the total collagen in the dispersion, pre- 
ferably 15% to 25% by weight and the cross-linked gel 
will usually constitute about 70% to 98% by weight of 
the total collagen m the dispersion, preferably 75% 
3 to 85% by weight. A particularly preferred dispersion 
contains the fibrous collagen and cross-linked colla- 
gen in a 20:80 weight ratio. Minor amounts of addi- 
tives such as local anesthetics may be included in the 
implant composition. The aqueous carrier should be a 
5 medium that is physiologically acceptable to the 

host. Thus, its ionic strength and'pH should be phys- 
iological (ie P H 6.8 to 7.5, ionic strength 0.1 to 
0.2). Saline is a preferred carrier. The total col- 
lagen concentration in the dispersion will usually be 
J0 in the range of about 15 to about 80 mg/ml, preferably 

40 to 60 mg/ml. 

The above described collagen implant mater- 
ial may be injected intradermal^ to augment soft 
tissue, to repair or correct congenital anomalies. 
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acquired defects or cosmetic defects. Examples of 
such conditions are congenital anomalies such as hemi- 
facial microsomia, malar and zygomatic hypoplasia, 
unilateral mammary hypoplasia, pectus excavatum, pec- 
5 toralis agenesis (Poland's anomaly), and velopharyn- 
geal incompetence secondary to cleft palate repair or 
submucous cleft palate (as a retropharyngeal implant); 
acquired defects (post traumatic, post surgical, post 
infectious) such as depressed scars, subcutaneous 
10 atrophy (eg, secondary to discoid lupis erythema- 
tosa), enophthalmos in the enucleated eye (also 
superior sulcus syndrome), acne pitting of the face, 
linear scleroderma with subcutaneous atrophy, saddle- 
nose deformity, Romberg's disease and unilateral vocal 
15 cord paralysis; and cosmetic defects such as glabellar 
frown lines, deep nasolabial creases, circum-oral 
geographical wrinkles, sunken cheeks and mammary hypo- 
plasia . 

The following examples illustrate the 
20 implant materials, the method by which they are used, 
and the merits of implants made of these materials. 
These examples are not intended to limit the invention 
in any manner. 

Materials and Methods 

25 Preparation of Atelopeptide Bovine Collagen Solution 
Bovine hide was softened and depilated by 
treatment with acetic acid. The hide was then 
comminuted and dispersed in HC1, pH 2, at 8-11 g/l. 
Pepsin was added to the dispersion at 0.1% by weight 

30 based on total protein and the mixture was allowed to 
incubate for about 100-300 hr at 15°C to 20 °C. NaOH 
was then added to raise the pH of the incubation 
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medium to about 7 and thereby terminate the 
digestion. The denatured enzyme was removed from the 
reaction mixture by sedimentation at reduced pH. The 
solution was then purified and concentrated by 
5 filtration and chromatography to form a 3 rag/ml solu- 
tion of atelopeptide bovine collagen in dilute aqueous 
HC1, pH 2. This solution is hereinafter referred to 
as CIS. 

Preparation of Fibrous Collagen 

10 Fibrous collagen was reconstituted from CIS 

by adding 0.02 M Na 2 HP0 4 , to the CIS at 18«C to in- 
crease its P H to 7.4. The precipitated fibrous colla- 
gen was separated from the supernatant, concentrated, 
and homogenized with NaCl and Na 2 HP0 4 to a physio- 

15 logical pH and ionic strength. The concentration of 
collagen in the resulting dispersion was 35 mg/ml . 

Preparation of Cross-linked Gel Par ticles 

CIS was mixed at O'C with a buffer composed 
of 1.3M NaCl and 0 . 2M Na 2 HP0 4 and the pH of the mix- 
20 ture was raised to 7.4-7.6 with 0.1N NaOH. The tem- 
perature of the mixture was then raised to 34°C and 
held there for two hours during which time the solu- 
tion gelled. 

The gel was added to a 0.4% by weight solu- 
25 tion of glutaraldehyde in physiological phosphate 

buffer, pH 7.4 (280 mg glutaraldehyde per g of colla- 
gen in the gel) and allowed to react for one hour. 
The resulting cross-linked gel was washed repeatedly 
with the phosphate buffer to remove the aldehyde. The 
30 gel was then centrifuged until a protein concentration 
of approximately 30 mg/ml (determined by quantitative 
nmhydrm assay) was reached. A sample of the gel was 
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removed and its Young's modulus was determined by the 

methods described in Mechanical Properties of Polymers 

and Composites, Vol. 1, Dekker, New York 1974, pp 1-50 

and Gordon, et al, Nature 217: 735 (1968). 



carried out by one of several methods depending upon 
the toughness of the gel. Low strength materials 
could be fragmented or shredded by extruding back and 
forth between two syringes joined by a #12 gauge bore 
10 tube. Stronger gels required mmcing into strips 

before applying the double syringe method. Once the 
cross-linked preparations were homogenized, fibrous 
collagen could be mixed with them and further homo- 
genized by passage between syringes. 

15 Preparation of Implant Materials 



with the cross-linked collagen gel particles in var- 
ious proportions and the mixtures were placed in ster- 
ile syringes. Control materials of only the disper- 
20 sion and only the gel were also placed in sterile 
syr inges . 

Implantation 

Sprague Dawley female rats weighing 125±20g 
were used as hosts. 

25 Each rat was implanted in two sites, fibrous 

collagen alone as "control in the left dorsal cranial 
region, and glutaraldehyde cross-linked collagen with 
or without admixed fibrous collagen m the right dor- 
sal cranial regions. Injections were through #18 

30 gauge needles into the subcutaneum. Injection of the 
cross-linked collagen alone was difficult. Weighed 
quantities (usually about 0.5 g) were delivered. 



5 



Comminution of the centrifuged collagen was 



The fibrous collagen dispersion was mixed 
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Explantation of paired experimental and con- 
trol samples was earned out at intervals ranging from 
5 to 50 days. Host tissue was carefully dissected 
from collagen implants, and the wet weights were re- 
5 corded. The percent weight recovery (persistence) was 
then calculated from the weight implanted. Weighed 
specimens were then embedded, sectioned, and stained 
for histological examination. Stains used included 
hematoxylin and eo.xn, tnchrome, and von Kossa. 



10 Results 

The table below presents the results of the 
implantation of the implant materials of the invention 

and the control implant materials. 



Biocompatibility 

Modest cell invasion, 
vascularization, gen- 
erally acceptable 



Persis- 
tence (%) 



36±6 



More extensive cell 
invasion and vascu- 
larization, acceptable 

Similar to 2, but 
fewer cells, accep- 
table 



108±19 



15 Material 

1. Fibrous Collagen 
Alone (3 5 mg/pro- 
tein/ml ) 

2. Cross-linked 
20 Collagen (57 mg 

protein/ml) 

3. Cross-linked 
Collagen plus 
Fibrous Collagen 

25 (80:20; w/w? total 

mg protein/ml: 53 ) 

As indicated by the above results, the im- 
plant material made from the combination of noncross- 
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linked fibrous collagen and cross-linked collagen has 
substantially better persistence than the implant 
containing only noncross-lmked fibrous collagen. 
While the persistence of the cross-linked collagen 
5 implant was even better, the in jectability of this 
material is poor. The in jectability of the implant 
made from the combination noncross-linked and cross- 
linked collagen was acceptable. 

Histologically all three materials were 
10 biocompatable. The implant containing cross-linked 
collagen were invaded by more cells and vascularized 
more rapidly than fibrous collagen alone. New col- 
lagen synthesis appeared to be occurring m the cross- 
linked collagen; presumably this explains the increase 
15 in weight of such explants. At early time points some 
cell types associated with an inflammatory response 
appeared m cross-linked, samples. At later times the 
cells were primarily fibroblasts, which are indicative 
of a beneficent colonization. 
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CLAIMS : 

1 # An injectable implant material for soft tissue 

augmentation comprising a dispersion of collagen in an 
aqueous carrier characterised in that the collagen is a 
mixture of: 

5 (a) particulate cross-linked atelopeptide 

collagen; and 

(b) reconstituted fibrous atelopeptide collagen, 

2. Implant material according to Claim 1, wherein 
the cross-linked collagen constitutes 70% to 95% by 

10 weight of the mixture and the reconstituted fibrous 

collagen constitutes 5% to 30% by weight of the mixture. 

3. Implant material according to Claim 1 or Claim 

2, wherein the particle size of the cross-linked - collagen , 
is in the r^nge of 50 to 200 microns and the cross- 
15 linked collagen has a Young's modulus of 5000 to 50,000 
dynes/cm 2 . 

4. Implant material according to Claim 1, Claim 2 
or Claim 3, wherein the concentration of the mixture in 
the aqueous carrier is in the range of 15 to 80 mg/ml. 
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